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By Ross B. Robinson
SUMMARY

An investigation of the effects of body and fin deflections on the
aerodynamic characteristics in pitch of a 0.065-scale model of a four-
stage rocket configuration at Mach numbers of 1.41 and 1.82 has been made
in the Langley 4- by L-foot supersonic pressure tunnel. Provisions were
made for deflecting each stage with respect to the next rearward stage.
Cruciform fins were mounted on the first three stages. The fins on the
first and second stages were always alined, whereas the fins on the
third stage were tested both alined and indexed 45° with respect to the
first- and second-stage fins.

The results indicate that significant bending moments at the vari-
ous stage Jjunctures and appreciable attitude changes of the complete
configuration could be caused by relatively small amounts of body
deflection. For angles of attack up to about 4° the variation of
pitching-moment coefficient with angle of attack was linear for both
the indexed- and alined-fin configurations. In the angle-of-attack
range from about 4° to 80, a region of increased stability was indicated
for the arrangement with the indexed fins. With the fins alined, the
stability was increased in the low angle-of-attack range. Differential
deflection of the second- or third-stage fins procduced negligible
rolling moments for both the alined- and the indexed-fin configurations.



INTRODUCTION

An investigation has been made of the aerodynamic characteristics
in pitch of a 0.065-scale model of a research vehicle at Mach numbers of
1.41 and 1.82. The model simulated a complete four-stage rocket configu-
ration and consisted of three booster rocket motors (an Honest John, a
Nike, and an X-7) and a velocity package; the configuration was proposed
by the Langley Pilotless Aircraft Research Division for reentry physics
research. The purpose of this investigation was to determine the effects
of body deflection, differential fin deflection, and fin alinement on the
aerodynamic characteristics in pitch of the model.

This report presents six-component force and moment data for an
angle-of-attack range of about -4° to 10° at 0° sideslip.

SYMBOLS

The results are referred to the body-axis system, with the moment
reference point at a longitudinal station corresponding to 83.6 percent
of the body length.

Cn normal-force coefficient, FN/qS

CA axial-force coefficient, FA/qS

Cy side-force coefficient, Fy/qS

Cm pitching-moment coefficient, MY/qu
Cy rolling-moment coefficient, MX/qu
Cph yawing-moment coefficient, MZ/qu
Fy normal force

Fp axial force

Fy side force

My pitching moment, moment about Y-axis
My rolling moment, moment about X-axis

Mg, yawing moment, moment about Z-axis

- 4 M~ -~



~N - &

a maximum body diameter, 1.65 in.

M free-stream Mach number

q free-stream dynamic pressure

S maximum cross-sectional area of model, 2.138 sq in.

o} angle of attack of stage 1 center line, deg

5B body deflection, relative to next rearward stage (pitch plane

only), positive nose up, deg

Of fin deflection, deg
MODELS AND APPARATUS

Details of the model are shown in figure 1 and the geometric
characteristics are presented in table I and figure 2. Coordinates for
the body are presented in table II. Photographs of the model are shown
in figure 3.

The body was composed of four sections or stages having circular
cross sections (fig. 1). The diameter of the first stage was enlarged
about 3 percent to accommodate the balance. Provision was made to per-
mit the deflection of each stage with respect to the next rearward '
stage. Deflections to 1° were obtained for stages 2 and 3 and to l/2°
for stage k.

Cruciform fins were mounted on stages 1, 2, and 3 of the model.
The fins on stage 1 were welded in place at approximately 0° deflection.
Two fins on stage 2 and two fins on stage 3 could be deflected to provide
roll control. The fins of stages 1 and 2 were always alined, whereas
those of stage 3 could be alined or indexed 45° with respect to the
others. Most of the tests were made with the indexed-fin configuration.
A summary of the measured fin deflections is given in figure 2.

Forces and moments were obtained by means of an internal strain-gage

balance. Base pressures were measured by four tubes placed just inside
the base of the model.

TESTS, CORRECTIONS, AND ACCURACY

The tests were made at Mach numbers of 1.41 and 1.82 for Reynolds
numbers per foot of 2.92 X 106 and 2.62 X 106, respectively. The




stagnation temperature for both tests was 110° F and the stagnation
pressure was 1,440 1b/sq ft. The stagnation dewpoint was maintained
sufficiently low (less than -25° F) so that no condensation effects
were encountered in the test section. Tests were made for an angle-of-
attack range of about -4° to about 10° at an angle of sideslip of 0°.
The angles of attack and sideslip were corrected for the deflection of
the balance and sting under load. The base pressure was measured, and
the chord force was adjusted to a base pressure equal to free-stream

static pressure.

The estimated precision of the individually measured quantities
including repeatability, zero shifts, and balance calibration is as

follows:

M=1.41
O I T T T T PR 10.045
CA = = + o o « & o o v i s e e e e e e e e e . .. T0.006
O < N 02
Cl & & & ¢ o e e e v et e e e e e e e e e e s . . 10.0%0
Ch v ¢ ¢ v o & v 4« & v e e 4 4 4 e e e e s e . . . TO.O017
Cy & v v e e e e e e e e e e e e e e e e e e ... t0.0%0
Ay, dBZ v v v v e e e e e e e e e e e e e e e e 0.1
0 = =G 0.1
OBy, A€ . . .t i e e e e e e e e e e e e e e 0.1
s S0 X

PRESENTATION OF RESULTS

The results are presented in the following figures:

Effects of individual deflection of various stages

at M=1.41 ., .. .. e e e e e e e e e
Effects of combined deflectlons of various stages
at M =141 ... .. c e e e o e e e

Effects of third- stage-fln alinement at M = l.hl e
Effects of differential fin deflection, third-stage fins
indexed, at M =1.41 . . . . . . ..
Effect of differential fin deflectlon, third stage flns
in line, at M =1.41 . . . . . . . . ... .. 0.

M=1.82

10.050

+0.006
+0.048
+0.034
+0.019
10.033

0.1
10.1

0.1
10.015

Figure
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Figure

Effects of individual deflection of various stages

at M = 1.82 . . ¢ i e e e e e e e e e e e e e e e e e e e e 9
Effects of combined deflections of various stages

at M=1.82 .. . ... ¢ .. . e e e s e e e 10
Effects of third-stage-fin alinement at M 1.82 e e e e e 11
Effects of differential fin deflection, third-stage

fins indexed, at M=1.82 . . . .. . . . . . .. . e e 12
Effects of dlfferentlal fin deflection, third-stage fins

inline, at M =1.82 . . ¢ . ¢ i v s e vt e e e e e e e e 13

SUMMARY OF RESULTS

The majority of the tests were made with the fins of stage 3
indexed 45° with respect to the fins of stages 1 and 2. (See figs. 1
and 3.) The effects of body deflections were obtained with approxi-
mately O° deflection of all fins, and the effects of fin deflections
were measured for O° deflections of the various stages comprising the
body.

Deflection of the finned stages 2 and 3 individually (figs. 4 and
9) or in combination (figs. 5 and 10) produced appreciable increments in
pitching-moment coefficient at both Mach numbers, whereas the effects of
nose deflection (stage 4) were small. The moment increments resulting
from combined deflections of stages 2 and 3 were approximately linear
with deflection angle. These results indicate the possibilities of sig-
nificant bending moments at the various stage Jjunctures and also indicate
that significant attitude changes of the complete configuration could be
caused by relatively small amounts of body deflection.

For all the configurations tested the variation of Cp with o was

linear for angles of attack to about 4°© at both Mach numbers. In the
angle-of-attack range from about 40 to 8° a region of increased stability
particularly at M = 1.41 (figs. 4 and 9) was indicated by the pitching-
moment coefficients of the indexed-third-stage arrangement. This region
of increased stability probably results from a reduction in the 1ift of
the second-stage fins as they pass through the wake of the third-stage
fins in the angle-of-attack range from about 4° to 8°. These wake effects
are smaller at M = 1.82 because of the reduced lift-curve slope of the
fins at the higher Mach number.

With the fins alined (flagged symbols in figs. 6 and 11), the second-
stage fins are in the wake from the third-stage fins near 0° angle of
attack and thus the stability for this arrangement is increased in the
low angle-of-attack range. The variation of Cp with o for the




alined-fin model is more linear through the entire o range than it is
for the indexed-fin arrangement.

Differential deflections of the third-stage fins are to be incor-
norated into the missile to provide spin stabilization for the third and
fourth stages. Since differential deflection of these fins produced
negligible rolling moments for the complete configuration having either
indexed or alined fins (figs. 7, 8, 12, and 13), no opposite deflection
of the fins on stage 2 should be necessary. The large fins on stage 1
appear to counteract the rolling moments produced by the deflection of
either or both sets of forward surfaces.

The small negative values of Cn and Cy obtained at the higher

angles of attack for both the indexed- and alined-fin configurations
probably result from asymmetries in the model (figs. 6 and 11).
Deflections of the body (figs. 5 and 10) or of the fins (figs. 7 and
12) produced somewhat larger negative values of Cp and Cy-

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., April 16, 1959.
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TABLE II.- BODY

COORDINATES

Body station, in.

Diameter, in.

Remarks

0

20

2T
29

7T

.901
7.
8.
.670
20.
27.
.800
.760
30.
4o,

212
270

780
480

310
990

0

S sl el el

.35k
55T
.987
.987
.987
.080
.080
.180
.180
.650
.650

Spherical nose, radius 0.177 in.

End of fourth stage

End of third stage
Transition to second stage
Transition to fin section
End of transition

End of second stage
Transition to first stage
End of first stage

e
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Li=41(

0.°

0.l°
First

stage
9 o.1°

0.5°

0.23° 0.13°

O.17° 0.80°
Second

stage
0.50° 0.15° 1.0° 0.35°

Nominal: o° |°

Third
stage

Nominal; Q° I°

Figure 2.- Angular deflections of fin leading edge as viewed from rear.



12

o

L-58-3679

(a) Body undeflected.

Figure 3.- Photographs of model of four-stage rocket configuration.
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(b) Body deflected.

Figure 3.- Concluded.
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Figure 4,- Effects of individual deflection of various stages of
four-stage rocket model. Third-stage fins indexed; M = 1.41.
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Figure 5.- Effects of combined deflections of various stages of

Third-stage fins indexed; M = 1.41.

four-stage rocket model.
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third-stage fins alined; M = 1.41.




Ny
[aN

T
| 1
|
¥
2 IS
Bl ; !
T T . +
H t : janasns ]
{
Sagmhas
i Seest) e FRioH ; e
1 1 1. 1 T It
1t { t t T T T LT anssas:
A t amage wees tansns: : HH T
" By T + T H >
H t i e T ﬁ ; _,_ t oa
+ 8 T
1 31 . 1 i
= o T +
FEEjEcst S 2 oo ST
f o o= Frt :
T TR o . !
T 1! v © ON I
o = H
R R e ki 3 e8! L] s [SE35 S a ks ana; T
P Wf * i - Febes
H H .y T T
el ! iEEosE dapnas)
sited | H «w o i :
IR BRu T pERE =4 =] T ! T
SR AR 2 : HE i
Shax gpiseseriy ith 3 i1 W it < - : :
P TERE k! BEEE 1 jRgasas J, o
i At isgl fis SR BHEaShi e
i e M oo e :
I \[o. “ “A ln - it a4 4] - — T
jReEsapaaks TTHH jBas m t
HET t i ;
T i g s
g3 T SHEHHIH i t
ol jeREd g i N
IR e +- B! * H 1t H :
LT B iR HOTH Bl g _
o i1 L -
! e I I THE - 1 &
{ i w Hz : HiHi RIS frif 11 i
R iR ERE E _ :
1 H 7 Sasa5t & : ] 8!
T 11 111 11 a T RSTES I -
H T by mpR K i pes hw»%ﬁ B Hupi 1 SN EeapaEgaaEEg! T
*; . T gAY Suhd ppe: PO pOS BN U RIS SR
: et SR g E = B
T A R i HIHHE i 5 TEET :
[OBS% conut yRas: s Fpus puses [RangEnsDs puopa pESSY bE SRS BENRY eagynas
T 3 T THTE 1= : T i g
11 Sl EaEs EEE! iksst 3518 FRRR] ERshe - : : B SRESS spct B ;
! rw;* g Lm it ﬁ; HEseaa! i TEEes FIRe0090e [apunnsugs FuguunEn:
t maua:
o2 gapsa 32a 8 nags s
R o i raaggies: 25 i = :
o4 = et : + {
FR{ES302 STSHoERN]: Sokee paned Snndiibod :
R HaEd iRl et i rabed o i [B3SE Siwass: _ 53 o5
T T ppona s o MPRS
R 1
HE r I3ga s - : : :
e n amaian B ! anes nae e ' +
SR HE =2 S 1 JS o= ez a2bad daal :
e S S TS T SR e s e

Lih-1

20

6

12

-4

) deg

a

Figure 8.- Concluded.



2k

il ; Am}mgggmm;m;]55{21?{'%[??1{]1&5\ TR
: 3g,deg § |
e i Stage: 4'h 39, 20 [T
‘2 ‘ 00 0 |
10 = - O (Nose)
i T
8 2 , 1.2
C
m 8 f Center
it of
pressure
4 6
]
2 ':l
il
Ok ; Eﬂo (Base)
n
i |
!
-4 % 12
i e
6 hp 10
i i
t i
al. i
2 6 Ca
i
N
0] 4
-2 .2
1
i B I il L - o
s -a 0 4 -4 0 4 8 12

a, deg a, deg

Figure 9.- Effects of individual deflection of various stages of four-
stage rocket model. Third-stage fins indexed; M = 1.82.
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